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TECHNICAL NOTE 5375 


THEORETICAL CALCUIATIONS OF THE PRESSURES^ FORCES, AND 
MOMENTS DUE TO VARIOUS LATERAL MOTIONS ACTING ON 
THIN ISOLATED VERTICAL TAIIS WITH SUPERSONIC 
lEADING AND TRAILING EDGES 
By Kenneth MargoUs 

SUMMARY 


Velocity potentials and pressiure distributions due to various 
lateral motions are derived for a family of thin isolated vertical tails 
with arbitrary sweepback and taper ratio by applying linearized thin- 
airfoil theory for s'upersonic speeds. Motions considered in the analysis 
are steauiy rolling, steady yawing, and constant lateral acceleration. 

For the particular cases of triangular (half-delta) and rectangialar 
vertical tails, integrated forces and monents expressed in the form of 
stability derivatives are also derived. All results are, in general, 
applicable at those supersonic speeds for which both the tail leading 
and trailing edges are supersonic. For purposes of coopleteness, anal- 
ogous expressions and derivatives for sideslip motion obtained primarily 
frcxa other sources are included. 

Expressions for potentials, pressiores, and stability derivatives 
are tabulated. Curves for the stability derivatives are presented 
which enable rapid estimation of their values for given values of aspect 
ratio and Mach number. In order to indicate the inportance of end-plate 
effects, several comparisons are shOTO of the derived results (based on 
a zero-end-plate analysis) with those corresponding to a complete -end- 
plate analysis. 


INTRODUCTION 


Detailed knowledge of the loading, forces, and moments acting on 
vertical tails \mdergolng various maneuvers is a necessary prerequisite 
for determining the lateral dynamic behavior of aircraft traveling at 
supersonic speeds. The information presently available is, in many 
instances, ins\ifficient to enable reliable estimates to be made of the 
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contribution of the vertical tail to airplane stability. Aside from 
calculations for several "slender" configurations (e.g.^ refs. 1 to 7); 
most of the theoretical efforts along these lines have been restricted 
primarily to sideslip motion (refs. 8 and 9)- A recent paper (ref. lO) 
treats the calculation of pressures_, forces^ and moments due to several 
types of lateral motion acting on thin^ isolated, triangular vertical 
tails. The range of speeds considered therein requires that the tail 
leading edge be subsonic and the tail trailing edge supersonic. 

The present paper is also concerned with the calculation of 
pressures, forces, and moments acting on thin Isolated vertical tails 
subject to various lateral motions. The speed range for the present 
Investigation, however, is higher than that of reference lOj both the 
leading and trailing edges of the vertical tall must be supersonic. 

The vertical tail is of fairly general plan form having arbitrary sweep- 
back, aspect ratio, and taper ratio (tip and root chords parallel) . 

Four motions are treated: steady rolling, steady yawing, constant side- 

slip, and constant lateral acceleration. 

The half -delta and rectangular vertical tails are analyzed in detail. 
Forces and moments (expressed in the form of stability derivatives) and 
their variations with Mach number and aspect ratio are presented in a 
series of simple charts. In order to gain some insight into the possible 
effects of an end plate, several of the derived results are compared with 
corresponding calculations based on a complete-end -plate analysis. (A 
complete -end -plate analysis implies that the horizontal tail acts as a 
perfect reflection plane . ) 


SYMBOLS 


x,y,z Cartesian coordinates used in analysis (see fig. 2(a)) 

V free-stream or fli^t velocity (see fig. 2) 

p density of air 

q dynamic pressure, ^ pV^ 

cp perturbation velocity potential due to particular 

motion under consideration, evaluated on negative 
y-slde of tail surface (see fig. 2) 

Acp difference in perturbation velocity potential between 

two sides of tail surface, cp(x,Cr’",z) - cp(x,0",z) 
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AP/q 


M 

B = \ll^ - 1 
b 


coefficient of pressure difference between two sides 
of tail surface due to particular motion under 
consideration, positive in sense of positive side 
force (see fig. 2) 

I^ch number, ^ 

Speed of sound 


span of vertical tail 
root chord of vertical tall 


X 

m 


A 

S 

P 




t 
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N 

L' 


•'n 



taper ratio. Tip chord/Root chord 

slope of tail leading edge; cotangent of leading- 
edge sweepback angle (see fig. l) 

aspect ratio of vertical tail, b^/S 

area of vertical tall 

angle of sideslip 

angular velocities about x- and z-axes, respectively 
(see fig. 2) 

time 

rate of change of ^ with time, dp/dt 
side force 
yawing moment 
rolling moment 

side-force coefficient, Y/qS 
yawing-moment coefficient, N/qSb 
rolling-moment coefficient, L'/qSb 
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Subscripts : 

components used for p-derivatlves 
due to unit sideslip condition 
due to unit yawing condition 

Abbreviations : 


1.2 

P=1 

r=l 


L. E . leading edge 

T.E. trailing edge 

All angles are measured in radians. 


ANALYSIS 

Scope 


The general vertical- tail plan form considered herein is shown in 
figure l(a) . The leading edge has arbitrary sweepback and the trailing 
edge may be either sweptback or sweptforward^ the root and tip chords 
are para2JLel to each other and the tail is tapered in the conventional 
sense. The pemissible ranges of sweep, aspect ratio, and taper ratio 
for any given Mach number are determined by the conditions (indicated 
in fig. l) that both the leading and trailing edges remain supersonic 
and that the Mach line emanating from the leading edge of the root 
chord does not intersect the tip chord. 

Expressions based on linearized supersonic -flow theory are obtained 
for the perturbation velocity potentials and pressure distributions due 
to steady rolling, steady yawing, and constant lateral acceleration. 

For purposes of completeness, analogous results for constant sideslip 
motion obtainable, in general, from reference 8 are included. The 
expressions , which are derived for the condition of zero geometric angle 
of attack and which are valid for low rates of angular velocities, small 
sideslip angles, and small angle -of- side slip variation with time, are 
tabulated so that they may be utilized conveniently in the calculation 
of load distributions and the corresponding forces and moments for the 
general sweptback tapered tail surface. 

Two important members of the general vertical-tail family are 
considered in detail. These are the rectangular tall (shown in fig. 1(b)) 
and the triangular tail with an unswept trailing edge, that is, the half- 
delta tall (shown in fig. 1(c)). For these tails, closed-form expressions 
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are derived for the side force^ yawing moment, and rolling moment due 
to each motion. The resulting formulas are expressed in the form of 
stability derivatives and are tabulated; simple charts are presented 
which permit rapid estimation of the 12 stability derivatives for given 
values of aspect ratio and V^ch. number. 

Three systems of body axes are employed in the present paper. For 
plan-form Integrations and in the derivation and presentation of velocity 
potentials and pressures, the conventional analysis system shown in 
figinre 2(a) is utilized. In order to maintain the usual stability system 
of positive forces and moments, the axes systems shown in figures 2(b) 
and 2(c) are used in formulating the stability derivatives. A table of 
transformation form\ilas is provided which enables the stability deriva- 
tives, presented herein with reference to a center of gravity (origin) 
located at the leading edge of the root chord (fig. 2(b)), to be 
obtained with reference to an arbitrary center-of -gravity location 
(fig. 2(c)). 


Basic Considerations 


Kie calculation of forces acting on the vertical tail essentially 
requires a knowledge of the distribution of the pressure difference 
between the two sides of the tail surface. This pressure-difference 
distribution is expressible in terms of the perturbation -velocity- 
potential difference or "potential jump across the surface" Acp by 
means of the linearized relationship 


1 




( 1 ) 


Inasmuch as for the present investigation thin isolated tail sirrfaces 
are considered and thus no Induced effects are present from any neigh- 
boring surface, the perturbation velocity potentia3.s on the two sides 
of the tail are equal in magnitude but are of opposite sign. Equa- 
tion (l) may then be rewritten in terms of the pertiirbati on velocity 
potential cp as follows : 

^ ( 2 ) 
1 V2\;ax Stj 


where cp is evaluated on the negative y-side of the tail surface. 


The basic problem, then, is to find for each motion under consider- 
ation the perturbation-velocity-potential function cp for the various 
tail regional areas formed by plan-form and Mach line boundaries. (See, 
for example, the sketch given in table I.) 
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For time-iridependent motions, such as steady rolling, steady yawing, 
and' constant sideslip, the potential functions are of course independent 
of time (i.e., the last term in eqs. (l) and (2) vanishes) and may he 
determined hy the well-known source-distrihution method utilizing the 
area-cancellation— Ifech line reflection technique of reference 11. The 
mathematical details are not presented herein, because it is felt that 
previous papers dealing with wing problems (e.g., refs. 12 to 15 ) have 
applied the basic method in sufficient detail. The main difference to 
be noted is that the root chord of the isolated vertical tail is, in 
effect, another free subsonic edge similar to the tip chord and must be 
treated accordingly. Actually, tail regions I and III (refer to the 
sketch in table l) are not affected by the additional tip, and wing 
results in these regions for constant angle of attack (ref. 15 ) ^ steady 
rolling (ref. 15 ) ^ and steady pitching motion (ref. 15 ) are applicable 
to constant sideslip, steady rolling, and steady yawing motions, respec- 
tively, for the vertical tail, provided appropriate changes in coordi- 
nates are introduced and the proper sign convention is maintained. 


The time-dependent motion considered in the present paper, that is, 
constant lateral acceleration, can be analyzed in a manner analogous to 
that used for a wing surface undergoing constant vertical acceleration 
(e.g., refs. l6 to l8) . By following this procedure, the basic expres- 
sions for the perturbation velocity potential and pressure coefficient 
(evaluated at time t = O) may be derived as follows: 


i 

1 1 
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(5) 


q. 
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(i^■) 


Equations ( 5 ) and (if) may be deduced directly from equations (l) and 
( 2 ) of reference I 8 , provided the corresponding tail motion is substi- 
tuted for each wing motion and, further, that care is exercised in 
preserving the conventional system of positive forces and moments. The 
choice of time, t = 0 in equation (if) was made for purposes of conven- 
ience and simplicity. Inasmuch as the pressure due to constant sideslip 
is eliminated, and thus only the increment in pressure due to time rate 
of change of sideslip, that is, 3, remai n s . 

The right-hand sides of equations ( 5 ) and (if) are composed of terms 
Involving steady or time-independent motions, in parti ciular, the motions 
previously discussed in this section. Thus, once the potentials and 
pressures are determined for steady yawing and constant sideslip, 
corresponding expressions may be obtained for constant lateral accelera- 
tion by use of equations ( 5 ) ajid (4) . 



8 


MCA TN 5575 


Derivation of the potentials and pressures for the various regions 
of the general tail plan form under consideration have "been carried out 
for each motion hy using the methods and techniques discussed. Tahula- >■ 

tions of the potential and pressure-distrihution functions are given in 
tahles I and II for constant sideslip, in tahles III and IV for steady- 
rolling, in -tables V and VT for s-beady yawing, and in -tables VTI and VTII 
for constant lateral acceleration. 


The forces and mc^nents acting on the vertical -tail due to each motion 
may be ob-tained by plan-form in-begrations of the appropriate potential 
and pressure functions and may be given as follows (the cen-ber of gravity 
is assumed to be at the leading edge of the root section) : 


nTip pT.E. 

y = q / / ^ dx dz 

'^Root '-^L.E. ^ 

pTip pT.E. 

N=-q/ / ^xdxdz 

'-'Root '-'L.E. ^ 


pTip pT.E. 

L' = q / / ^ z dx dz 

'-'Root '-^L.E. ^ 


(5) 

(6) 
(T) 


For steady motions, ^ = - it ^ and thus the first integration with 

Q. V Sx 

respect to x in eqmtions (5) and (j) yields cp> hence, equations (5) 
and ("j) , when applied to s-teady motions, reduce to essentially a single 
in-begration involving the po-tential function. 


Ihe nondimens ional force and mcanent coefficients and corresponding 
s-tabili-ty derivatives are directly ob-bainable frcm the definitions given 
in the list of symbols. For example. 


^ - 



■.rb I qSb 

d y \ 


-I r- 



pTlp pT.E. 

-i- / / ^ X dx dzl 

^ '-'Root '-'l.E. 
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Biasrauch as the various pressure coefficients are linear with reference 
to their respective angular velocities, attitude, or acceleration (i.e., 
linear in p, r, p, or p) , the partial derivative in the preceding 

example may he replaced hy — and the derivative Cn is then 

rh/V ^ 

expressed as 



Tip rT.E. 


^’^Eoot '^L.E. 
V 


— X dx dz 
Q. 


( 8 ) 


Corresponding expressions for the 11 other derivatives 


Cnp. 


'T'P.’ 


1 } Cy , 
ir -t-p 

analogoiis manner. 


■^Y > 
■^r 




Cy* y 






may be obtained in an 


In the present paper, the triangular vertical tail with unswept 
trailing edge (half -delta) and the rectangular vertical tail have been 
analyzed in detail. The results obtained upon performing the plan-form 
integrations and other mathematical operations indicated in the previous 
discussion are tabulated in table IX. For convenience, a table of 
transformation formulas is presented (table X) which enables the derived 
results for the stability derivatives (table IX) to be expressed with 
respect to an arbitrary center-of-gravity location. 


COMPUTATIONAL RESULTS AND DISCUSSION 


The fonnulas for the stability derivatives given in table IX are 
seen to be func tions of the tail aspect ratio A and the Jfech number 

parameter B = \/# - 1. ■Use of the combined parameter AB as the 
abscissa variable and appropriate choice of derivative parameters as 
the ordinates allow the analytical results for most of the stability 
derivatives to be expressed graphically by means of a single simple 
curve j the stability derivatives due to ^-motion req^uire two curves. 
Flgirres 5 to 8 present the results for the half -delta tail and flg- 
lures 9 to 15 present the analogous results for the rectangular tall. 

The lower limit AB = 2 for the half -delta vertical tail corresponds 
to the sonlc-leadlng-edge condition} values of AB < 2, for which the 
tail leading edge is subsonic, are considered in reference 10. The 
lower limit AB = 1 for the rectangular vertical tail corresponds to 
the condition where the l^ch line from the leading edge of the root 
chord intersects the trailing edge of the tip chord. Calculation of 
the derivatives for the situation where the ^fe,ch line from the leading 
edge of the root chord intersects the tip chord, that is, values of 
AB < 1, cannot, in general, be obtained easily because of the fact that 
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the calculation Involves the consideration of interacting external flew 
fields. The lower limit AB = 1 in this case is not very restrictive 
except for very low aspect ratios at low supersonic I^ch numbers. 

In considering the curves given in figures 5 "to I5 , the following 
facts should be kept in mind: (a) The results are for a ccmpletely 

isolated vertical tall, (b) the center-of-gravity location is assumed 
to be at the tail apex, and (c) parameters used for nondimensionalizing 
purposes are the area and span of the vertical tall. For other center- 
of-gravity locations, analogous cirrves may be drawn by use of the pre- 
sented data and the axes -transformation formulas given in table X. 

Thus far, only the isolated vertical tail has been considered, 
that is, the zero -end -plate solution. For conparison purposes, results 
for several of the derivatives based on a complete-end -plate analysis 
have been obtained and are presented in figures l4 and I5. The cempar- 
isons are shown for the side-force and yawing-moment derivatives due to 
constant sideslip, steady yawing, .and constant lateral acceleration. 

The conplete-end-plate results for these tall derivatives are obtainable 
from stability derivatives previoiisly reported for symmetrical wings 
(refs. 15, 15, and 18) , provided modifications are introduced to account 
for (a) changes in nondimensionalizing parameters, (b) correspondence of 
wing and vertical- tail motions, and (c) preservation of sign convention 
for positive sense of motion, moments, and so forth. The transformations 
of symmetrical-wing derivatives into complete -end -plate derivatives for 
vertical tails having the same plan-form geometry as the half -wing may 
be summarized as follows : 


Expression for 

"^3 

Expression for 

Cnp 

Expression for 


Expression for 

Cnr 

Expression for 



^/Expression for C]^ with wing\ 

\ aspect ratio replaced by 2A / 

4 1 4. 7^ + ^2 /Expression for with wing\ 

5A (1 + A)^ \ aspe’et ratio replaced by 2A / 

2 1 4- 4 4- /Expression for Ci^ with wing\ 

5A (1 + A)2 V aspect ratio replaced by 2A / 

8 ^1 + A + A^)^ Repression for Cm^ with wingN 

9A^ (1 + A)^ \ aspect ratio replaced by 2A / 

2 1 + A + A^ /Expression for Ci^ with wing\ 

5A (1 4- A)^ \ aspect ratio replaced by 2A / 
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Expression for Cl- = 

P 


8 (l + X + /depression for with wing' 

9A^ (l + X)^ \ aspect ratio replaced "by 2A 


where conventionally defined 

wing derivatives (see, for exair 5 )le, p. 5 of ref. l8) . For completeness, 
previously reported results (ref. lO) for the half -delta vertical tail 
with subsonic leading edges (i.e., AB < 2) are Included in figure iX. 
Figures l^l- and 15 indicate that for a given aspect ratio the effect of 
an end plate decreases with increasing Mach number and that for a given 
tfech number the effect of an end plate decreases with increasing aspect 
ratio. Althou^ these conclusions apply specifically to those derivatives 
presented, it is felt that similar evidence would be found for the other 
derivatives as well. Ihe percentage differences between zero- and 
complete-end-plate results vary of course with center-of -gravity location, 
as well as with Mach number and aspect ratio, but in general are not too 
large for the side-force and ygewing-moment derivatives considered except 
at the lower values of AB. 


It should be remembered that the derivatives as presented herein 
have been made nondimensional with respect to vertical- tail parameters 
such as tail span b, tail area S, and the angles pb/V, rb/V, and 
pb/V. Hie magnitudes of the derivatives may, therefore, appear to be 
quite large with respect to the expected tail contributions to the 
derivatives for a complete airplane. The following factors should be 
used in converting the presented analytical and numerical results to 
corresponding derivatives (denoted in the following relationships by 
subscript w) based on wing area Sy, wing span b^, and angles pbv/2V, 

rbv/2V, and piv/2V: 







(%)v ^ %) 

(S)v (=^p)v (S.' (^^p)v (S)v (“*3). = 

^ s;^) {%’ 
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CONCLUDING REMARKS 


EJipressions Lased on the application of linearized thln-alrfoil 
theory for supersonic speeds have "been derived for the velocity potentials 
and pressure distributions due to varloiis lateral motions for a family of 
thin isolated vertical talla of arbitrary sweepback and taper ratio. 

Motions considered were steady rolling, steady yawing, and constant lateral 
acceleration. Forces and moments, expressed in the form of stability 
derivatives, were presented for the rectangular and half -delta vertical 
tafls. The results are, in general, applicable at those supersonic speeds 
for which both the tail leading and trailing edges are supersonic. For 
purposes of completeness, analogous results for sideslip motion obtained 
primarily from other sources have been included. 

The effects of a complete end plate on several of the side-force and 
yawing-moment derivatives have been considered, and it appears that only 
for relatively small values of the aspect-ratio — Mach number param- 
eter - 1 do the complete- and zero-end -plate values differ signif- 

icantly enough to warrant further study of finite-end-plate corrections. 
This statement may not be applicable for rolling motion, nor is it 
necessarily true for rolling-moment derivatives in general. 

An additional point of interest pertinent to the present investiga- 
tion is that the results obtained for the yawing-moment derivatives due 
to steady yawing and constant lateral acceleration and cia-y 

be used to approximate the aerodynamic damping of the lateral oscillation 
in yaw to the first order in frequency. This approximation to the lateral 
damping is given by the expression Cnj. - Cng s^nd can be rapidly calcu- 
lated from the curves and formulas given herein. 


Langley Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va., December l6, 195^* 



NACA TN 5375 


15 


REIFEBENCES 


1. Lomax, Harvard, and Heaslet, Max. A. : Damping- in-Roll Calculations 

for Slender Swept-Back Wings and Slender Wing-Body Ccmblnations . 

NACA ™ 1950 , 1949 . 

2. Adams, Gaynor J. : Hieoreti'cal Damping in Roll and Rolling Effec- 

tiveness of Slender Cruciform Wings. NACA TN 2270, 1951- 

5 . BoLbitt, Percy J. , and lfa.lvestuto, Frank S., Jr.: Estimation of 

Forces and Moments Due to Rolling for Several Slender-Tail Config- 
urations at Supersonic Speeds. NACA TN 2955 , 1955* 

4. Rlbner, Herbert S. : Damping in Roll of Cruciform and Some Related 

Delta Wings at Supersonic Speeds. NACA TN 2285 , 1951- 

5 . Spreiter, John R. : The Aerodynamic Forces on Slender Plane- and 

Cruciform-Wing and Body Combinations. NACA Rep. 9^2, 1950. 
(Supersedes NACA TN's I 897 and 1662 .) 

6 . Bryson, Arthur E., Jr.: Stability Derivatives for a Slender Missile 

With Application to a Wing-Body-Vertical-Tail Configuration. 

Jour. Aero. Sci., vol. 20, no. 5 , }fey 1955^ PP* 297-508. 

7 . Sacks, Alvin H. : Aerodynamic Forces, Moments, and Stability Deriva- 

tives for Slender Bodies of General Cross Section. NACA TN 5285 , 

1954 . 

8. Martin, John C., and Malvestuto, Frank S., Jr.: Theoretical Force 

and Moments Due to Sideslip of a Number of Vertical Tall Configu- 
rations at Supersonic Speeds. NACA TN 2412, 1951- 

9 . Malvestuto, Frank S., Jr.: Theoretical Supersonic Force and Moment 

Coefficients on a Sideslipping Vertical- and Horizontal-Tail 
Combination With Subsonic Leading Edges and Supersonic Trailing 
Edges. NACA TN 5071;, 1954. 

10. Bobbitt, Percy J. : Theoretical Calculations of the Lateral Stability 

Derivatives for Triangular Vertical Tails With Subsonic Leading 
Edges Traveling at Supersonic Speeds. NACA TN 5240, 1954. 

11. Eward, John C. : Distribution of Wave Drag and lift in the Vicinity 

of Wing Tips at Supersonic Speeds. NACA TN I 582 , 1947- 

12. Ivfelvestuto, Frank S., Jr., Margolis, Kenneth, and Rlbner, Herbert S. : 

Theoretical Lift and Damping in Roll at Supersonic Speeds of Tiin 
Sweptback Tapered Wings With Strean&rise Tips, Subsonic Leading 
Edges, and Supersonic Trailing Edges. NACA. Rep. 970, 1950. (Super- 
sedes NACA TN i 860 .) 



MCA TK 5575 


i4 


15. Martin, John C., Margolis, Kenneth, and Jeffreys, Isabella: Calcu- 

lation of Lift and Pitching Moments Due to Angle of Attack and 
Steady Pitching Velocity at Supersonic Speeds for Thin Sweptback 
Tapered Wings With Streamwise Tips and Supersonic Leading and 
Trailing Edges. MCA TN 2699 ^ 1952. 

14. ifexgolis, Kenneth, Sherman, Windsor L. , and Hannah, Margery E. : 

Theoretical Calciilation' of the Pressure Distribution, Span Loading, 
and Rolling Mcment Due to Sideslip at Supersonic Speeds for Thin 
Si-reptback Tapered Wings With Supersonic Trailing Edges and Wing 
Tips Parallel to the Axis of Wing Symmetry. MCA TN 2898, 1955- 

15. Harmon, Sidney M. , and Jeffreys, Isabella: Theoretical lift and 

Damping in Roll of Thin Wings With Arbitrary Sweep and Taper at 
Supersonic Sx>eeds - Supersonic Leading and Trailing Edges. MCA 
TN 2114, 1950. 

16. Rlbner, Herbert S., and Malvestuto, Frank S., Jr.: Stability Deriv- 

atives of Triangular Wings at Supersonic Speeds. NACA Rep. 908, 
1948. (Supersedes MCA TN 1572.) 

17. Nfelvestuto, Frank S., Jr., and Hoover, Dorothy M. : Supersonic lift 

and Pitching Moment of Thin Sweptback Tapered Wings Produced by 
Constant Vertical Acceleration - Subsonic Leading Edges and Super- 
sonic Trailing Edges. MCA TN 2515^ 1951> 

18. Cole, Isabella J. , and Margolis, Kenneth: lift and Pitching Mcment 

at Supersonic Speeds Due to Constant Vertical Acceleration for 
Thin Sweptback Tapered Wings With Streamwise Tips - Supersonic 
Leading and Trailing Edges. MCA TN 5^9^^ 1954. 


V 





















Region 
(see sketch) 



II 

ij-pm ccD"^ " z(2Bm - l) 

loo mx - z. 

- 1 

III 

-1 mx - z + 2(1 + Bm)(z - h) 

T(\l 

Q O ^ 

_ 1 


IV 


( II + III - I) 










DIffiERIBUnOH DUE TO STEADY H03XDID 






















OTION DUE TO STEADY YAWUO 



n + 





















FOR POTEHTIAL DISIRIBOTIOH DUE TO CO 


















NA.CA TN 3373 


23 


TABIE IX 

OTfl-R TT.W r DERIVATIVES FOR HAIF-DGia^A AND RECTAHQUIAR ISOLATED VERTICAL TAHS 


Derivative 

fa) 

Half-delta tails 

W 

Rectangular tails 
(=) 


/ AB 

- ^ ^ 

bVAB + 2 

bV 2AB7 


16 1 AB 
3ABV AB + 2 

AB V 3AB/ 


It- AB + 1 

Vab(ab + 2) 

- -(^ - 
B V 2ABJ 

% 

It- \/ab(ab + 3) 
5® (AB + 2)5/2 

2KB - 1 
AB^ 

s 

2(AB + 3) 
\/ffi(AB + 2)5/2 

3AB - 2 
5a2b2 

% 

2a2b2 6AB + 3 
3Bv5b(AB + 2)5/2 

1 * kKB - 24a2r2 + 32a5b5 
24a5b^ 

% 

8(2AB + 5) 
3VAB(AB + 2)5/2 

2(3AB - 1) 
3a2b2 


hB{2AB + 5) 
[ab(AB + 2)^ 5/2 

B(8AB - 3) 

6a5b5 

^^r 

2(3a2b2 + 9AB + -5) 
3 AB(AB + 2^5/2 

5AB - 1 
3a2b2 

Cy. 

8 b2 - AB - 1 
3b 2 \yAB(AB -t- 2)5 

_ 2(B^ 4 2 - 3AB) 
3a2b^ 


It- b2 - AB - 1 
® \/a5b5(ab + 2)5 

5b2 - 8ab -t- 6 
6 a5b^ 

Ci- 

2 b2 + a2b2 + 5AB + 5 

b2 + 2 - 3AB 

Va5b5(ab 2)5 

5A2B‘f- 


®-Angular velocities sjid moments measured about the system of body axes shorn 
in fig. 2(b) . 

^^Tiesults valid for AB = 2. 

'faults valid for AB ^ 1. 
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TABLE X 

TRANSFER-OF-AXES FORMULAS 


Stability derivatires in a body 
system of axes with origin ,at 
tail apex (see fig. 2(b)) 


Formulas for transfer to a body system 
of axes with origin displaced dis- 
tances Xq (positive forvmrd) and 
2.0 (positive downward) from the 
tail apex (see fig. 2(c)) 




(b) Rectangular tail. 


(c) Half-delta tall. 


Figure 1.- Tall plan forms and associated data. 




26 


NACA TN 3373 



(a) Body-axes system used for analysis. Free-stream velocity V. 



y^V 


(b) Principal body-axes system used for presentation of stability 
derivatives. Entire system moving vitb flight velocity V. 



(c) Same type of axes system as (b) vith origin translated. 

Figure 2.- Systems of body axes. Positive directions of axes, forces, 

and moments indicated by arrows. 



~BC2g i Of Or, 



■m j -X /-I ^ ^ >- *-»V. ■! 1 4 4--ti- A *=.-»r*4 4 a+ ot\+ 

j l^LLTtJ J!) • " L»LLX’VCb lUX U.C i^X Liic Id ocuj jl-LJL uj u.cx X V o»ux vvi;c> ^xvc*- i^ u. u «>iu u 

sideslip Cy^, and for isolated half-delta vertical tails 

■with supersonic leading edges. Derivatives based on vertical-tall 
parameters b and S; principEil body-axes system -with origin at 
leading edge of root section. 


mCA Tn 3575 
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SO CO 


Figure 4.- Curves for determining the stability derivatives due to steady 
rolling isolated half -delta vertical tails 

with supersonic leading edges. Derivatives based on vertical-tail 
parameters b, S, and angle pb/V; principal body-axes system with 
origin at leading edge of root section. 



\ 1 

V 

1 

1 

N 



.^1 w 
r 4 ,CjU.± c 


CiUvcs for detexniiiiixi^ tht: utubility derivatives due to steady 
yawing and for isolated half-delta vertical tails 


for isolated half-delta vertical tails 


with supersonic leadl T1 g Q d^s S * 


TVa T r o 4* ^ ^ nci c* ^ *1 r* i=w^ r\-w~i n rv-t. n I ^^41 

X/V-.X 4-m, VC JU L» JLCCVJ-^ I i w. r i 


parameters h; and angle rb/Vj principal body-axes system with 
origin at leading edge of root section. 


MCA OT 5573 
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Figure 6.- Curves for determining the stability derivative due to constant 
lateral acceleration Cy^ for isolated half-delta vertical tells with 

supersonic leading edges. _ Derivative based on vertical-tall param^ 
eters h, S, and angle ph/V; principal body-axes system. 
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Figure 8,- CurveB for determining the stability derivative due to constant 


1 rvn 


■I o 1 a + V> o 1 •P q 1 + o •*W* -T/-»r-.T 

j. uw\ib j-n*.i I t-xLj. r^a, i-» 1 1 -<T-i L. f-i. I t t-. inj_ ^,11 


superBcxnic leading edges . Derivative based on vertical-tail param- 
eterR . g - nvu^ Qy»p*1 p A'h /\7 r Tv*r^T^r»1 "nol "Hrv^ xr_ avd o aTro4-£=kw» 4-V. ^.^4 ^ 

~7 ^ ip I U jr » V^IU HJ.UJJ. Ui i^J.I_l 

at leading edge of root section. 


itL VOW 






Figiore 9 = - Curves for determlriing the Etahilitv derivatives due to 
""corstrut sideslip Cy ^ Cn,;, and C 2 . for isolated rectangular 

P P P 

vertical tails = Derivatives hased on vertical- tail parameters h 
and S; principal body- axe 8 system vith origin at leading edge of 
root f.ectloa. 






Figure 10 -- CirrveB for determining the stability derivatives due to steady 
rolling Cy ^ Cv, , and Cj for isolated rectangular vertical tails. 

P ^ p 

Derivatives based on vertical-tail parameters b, S, and angle pb/V; 
principal body-axes system with origin at leading edge of root section. 




Figure 11.- CurveB for detetTnlniiig the stability derivatlvee due to steady 
ysEwlng and for Isolated rectangular vertical tails. 

Derivatives based on vertical- tall parameters b, and angle rb/V; 
principal body- axes system with origin at leading edge of root section. 
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Figure 12— Curvea for determining the atabllity derivatives due to con- 
stant lateral acceleration rnT- -i col n+.orl T*o«^+ OT*» mi 1 

~ ■ Crt j. I < ;i .,i, 

P P 

vertical tails. Derivatives based on vertical- tail parameters h, 

S. and anitlje Rb/Vi "DTH TJaI 'hnrtv— P_YAa -u-X 4-.Vi Of-T 0+ 


edge of root section. 


>- ^ I. J_1 C.b _i_^ 







Figure 15.- Curves for determining the stability derivative due to con 
Btant lateral acceleration for isolated rectangular vertical 

tails. ^Derivative based on vertical-tail parameters b, S, and 
angle pb/V> principal body- axes system with origin at leading edge 
of root section. 

















































